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ABSTRACT 
Colombia raises 1.73% of global livestock inventory. Key challenges of the sector are to increase 
the animal production in order to nutritionally sustain the growing population, to ensure a 
rational use of natural resources for agricultural purposes, either combining criteria of 
economic sustainability and social equity. Agriculture can be considered as networking factor for 
productive, environmental and social components. In Colombia development of rural areas 
comprised complex dynamics affected by low technological farming systems and conflicts over 
land use and ownership. Free trade and climate change also act on the system as exogenous 
variables. The use of modeling tools and methodologies, such as system thinking and system 
dynamics, could help to manage  rural development policies taking into account different 
components and to analyze their interconnections within the system. This comprehensive 
approach can also be useful to stimulate a multidisciplinary focus on future trends of 
development. The aim of this work was to qualitatively explain the main loops limiting and 
enhancing the development of the rural areas oriented to milk production in Colombia, using 
causal maps and conceptual diagrams. Three main components and their relationships were 
analyzed: Production and Economics, Environment and Social. Strategies of future development 
of rural areas suitable for milk production were suggested. Dairy farm management and rational 
land use supported by technical assistance were proposed alternatively to extensive-extractive 
livestock system to reach economic, social and environmental benefits. 
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1. INTRODUCTION  
1.1 Premises 
Fundamental challenges of the agricultural sector in order to pursue sustainability are to produce 
higher amounts of food to sustain the growing world population, to rationally use  natural 
resources, to follow economic criteria, fairness and respect for the environment. Feeding the 
world in 2050 is a major challenge at the forefront of the global development agenda. The 
importance of agriculture in addressing these challenges has reemerged in recent years as food 
security issues are considered in a more holistic manner, and livestock is recognized as part of the 
solution (Smith et al., 2013). According to Cooprider et al. (2011), sustainable agriculture might 
allow a balance between production, environmental and social components.  
Livestock provide a valuable source of food and plays a key roles in societies worldwide (FAO, 
2009). The livestock sector constituting the world’s largest user of land resources (80% of all 
agricultural land is under grazing or feed crops) and 8% of global water use (Steinfeld et al., 
2006). In addition for the near future, livestock is considered a source of food, livelihood, 
employment and economic growth. Livestock is estimated to represent 40% of the global value of 
agricultural production, generating employment for 1300 Million people and livelihoods for 
billions of small producers in the world (FAO, 2009). 
The livestock systems based on grazing occupies 40% of the earth’s surface and support some 
120 million people (FAO, 2012a). Livestock are not consuming food that could be directly 
consumed by people, rather they are converting materials that humans cannot eat into milk and 
meat. Herrero et al. (2009) estimate that 7% of the milk and 37% of the global beef and lamb 
production is from grazing systems. FAO (2011) estimates that such grassland-based systems 
provide 12% of the milk and 9% of the meat annually. 
 Animal food consumption rate has been forecasted to increase in the next decades, especially in 
developing countries (Steinfield et al., 2006). However, the efficiency of livestock systems in 
developing countries largely depends on the interaction between ecological, economic, social and 
technical factors (Rios, 2010). Especially in developing countries, production systems should 
undertake methodological and organizational changes to survive, and grow in an increasingly 
demand of dynamic equilibrium between  sustainability and competitiveness (Rios, 2010). 
 
1.2 Livestock production in Colombia 
Livestock world population, according to FAO statistical sources, has grown at an average annual 
rate of 1.48%, reaching a cattle inventory of 1,558 million head in 2008. Colombia holds a 1.73% 
of this amount, ranking 3
rd
 in South America after Argentina and Brazil, and 13
th
 globally 
(Gómez & Rueda, 2011). Colombia hold a herd of 22,666,751 animals, of which 12,696,986 are 
females, 5,929,418 are males and the remaining, calves under one year, located in 500,000 farms 
(Fedegan, 2013). Livestock is reared  in 39.2 ha, only 53,8% of them are areas that can only be 
destined to livestock activities (PNUD, 2011). From this inventory, 60% is devoted to meat 
production, 38% is dual purpose and the rest (2%) to specialized dairy (Fedegan, 2013). Only 
22.7% of the 21.5 millions ha with broad agricultural potential, are used for crop cultivation 
(PNUD, 2001). National milk production level are of about 4.5 liters/d per cow, rather low if 
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compared to average production of the highest producers (about 30 liters/d per cow) and to world 
average (about 9 liters/d per cow; FAO, 2009). The price paid to the farmer per liter of sold milk, 
is on average 0.47 US $, with fluctuations due to the seasonal production pattern and import 
flows to which the country is exposed (milk powder, liquid, cheese; Fedegan, 2013). 
According to PNUD (2011), the Colombian livestock sector is characterized by low production 
level and low technological advances, both of them needing improvement to increase 
productivity. In spite of that, the contribution of livestock to the agricultural sector is very 
significant both in terms of gross domestic product (GDP) and employment generation especially  
for livelihoods of small and medium producers. The livestock sector holds little less than 1,6% of 
national GDP, 20% of agricultural GDP and 53% of livestock GDP (Fedegan, 2012). As 
comparison, crops such as coffee, sugar cane and oil palm, make a percentage contribution of 
5.9%, 4.2% y 2.2% respectively. The occupation in the rural areas derived from livestock sector  
summed up to approximately 950,000. For that reason livestock can be considered as one the 
most important sectors of direct employment in the country, with a share of 7.0% of the total 
national employment, and of 25% of rural employment (Fedegan, 2012).  
Colombia, on average, spends 7.1% of total income to consumption of meat and dairy products,  
corresponding to 20.8 kg/year of meat and 141 liters/year of milk per person (Fedegan, 2012). In 
2012, the average consumption of meat and milk in world, developed and developing countries, 
were 42.5, 78.4 and 32.8 kg/year of meat and 106.1, 237.8  and 71.5 kg/year of milk per person, 
respectively (FAO 2012b). 
The stocking rate, about 0.6 head/ha, has not changed significantly in the last twenty years, which 
reveals the poor technological transformation of the livestock sector and indicates steady state of 
traditional management conditions. The low stocking rate per hectare, classifies the national 
livestock farming as extensive-extractive system. This form of livestock farming system also 
negatively affects incomes, conservation and proper management of the environment and natural 
resources. incomes,  limiting the possibilities of human and rural development. It also critically 
affects the sustainability (environmental, economic and social) of many agricultural production 
areas, characterized by accelerated degradation rate of natural resources, reduction of 
employment generation rate and increasing rate of rural poverty (PNUD, 2011). In addition, 
Colombia has been the scene of many social crises, the current armed conflict has been around 
for over fifty years. The weak institutional presence, the difficult geography of the country, lack 
of infrastructures and low population density in rural areas create conditions conducive to the 
presence of armed groups and the development of the conflict (Arias & Ibáñez, 2012). The rural 
population and agricultural producers have encountered massive economic and social costs of the 
civil war. In facts, the conflict has been affecting household’s agricultural production directly and 
indirectly. Direct effects arose from violent actions by armed groups against civilians, while 
indirect costs arose because of uncertainty caused by the presence and enforcement of rules by 
armed groups (Arias & Ibáñez, 2012; Balvè, 2013). 
Especially in the flat areas, farmers tend to invest more in crop cultivations than on livestock 
production, either for profitability or organization purposes. Those crops are often managed as 
monoculture, mainly sugar cane and palm oil, destined to production of ethanol and biodiesel and 
not to human food (PNUD, 2011). Furthermore, armed illegal groups often use industrial energy 
crops as target of fertile land grab, affecting locals equilibrium (Balvè, 2013). For that reason, 
livestock is  more and more pushed towards the hillside area. In addition, the presence of 
insurgent groups and armed conflict alters production decisions on land use, limiting the 
investments on agriculture  due to the threat to safety of the workers (Balvè, 2013); this is 
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especially truth for livestock activities where herd management requires daily human presence. 
At the same time the complexity of agricultural systems is also dealing with the interaction 
among of biotic and abiotic components. In fact, human emphasis on land and livestock also 




2. SUSTAINABILITY AND LIVESTOCK PRODUCTION 
Agricultural activities require organized effort involving  natural resources, human, monetary and 
technical capitals to: i) produce and sell goods and services; ii) produce profit; iii) satisfice the 
consumption patterns of society; iv) guarantee sustainability.  
In 1987, the United Nations World Commission on Environment and Development published the 
Brundtland Report, more frequently known as ‘Our Common Future’. It said: “Humanity has the 
ability to make development sustainable to ensure that it meets the needs of the present without 
compromising the ability of future generations to meet their own needs” (WCED, 1987). 
Production systems and type of management have a great impact on sustainability (Garay et al. 
2013). It is due to the fact that sustainability of rural systems deals with environmental and 
economical components of the same system, and they in turn affect the social component (Pretty 
et al. 2010). Many different definitions of sustainability were proposed in literature, since the 
concept of sustainability or sustainable development has been originated (Peterson, 2013). Figure 
1 summarize the sustainability concept according to Peterson (2013), which state that all the 
definitions of sustainability should include: i) The triple bottom line, which means that something 
is sustainable if it can simultaneously achieve economic feasibility, social responsibility or 
justice, and environmental quality; ii) The three Ps (Profit, People and Planet) pursuing 
simultaneous criteria for achieving better economic, social and environmental outcomes. 
In this work, we adopted the concepts of sustainability suggested by Peterson (2013). 
Furthermore, Ríos, (2010), defined sustainability  the ability of an agro ecosystem to maintain the 
quality and quantity of natural resources in the medium and long term, reconciling agricultural 
productivity with reduced environmental impacts and in response to social and economic needs 
of rural communities.  
 
Figure 1. Sustainability definition obtained by integrating concepts from Cooprider et al. (2011) 
and Peterson (2013)  
 
Source: Authors’ elaboration 
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3. AIM OF THE PAPER  
With the challenge of improving, consolidate and strengthen the dairy sector in Colombia,  every 
effort must be supported by an holistic understanding approach which takes into account the 
heterogeneous components of the system. Systems thinking (ST) and system dynamics (SD) 
methodologies might be used with this purposes to improve the system understanding. 
Definitions of ST and SD were reported by Tedeschi et al., (2011): “ST is the recognition that 
organizations (and the world, for that matter) may be seen as a complex, integrated system in 
which a change made at a given time will ripple through the system and will impact other 
variables instantaneously or over time because they are connected in some way. Whereas SD is a 
methodology that applies ST in developing formal models that are used to describe (and 
simulate) the relationships among variables, including time, by clearly identifying the behavior of 
the variables”. ST and SD used to study the dairy rural areas of Colombia might help the actions 
of decision makers, technicians and producers, in order to define policies for future growth, as 
already demonstrated by its  applications in other geographical areas or economical sectors 
(Parsons et al., 2011; Stephens et al., 2012; McRoberts et al., 2013; Atzori et al., 2011).  
In this context, the aim of this work was to apply a systems thinking approach to study the main 
factors associated with sustainability of extensively managed areas destined to dairy cattle 
production in Colombia. This work will try to show and explain: i) the process of dynamic 
hypothesis formulation based on mental models and literature review, ii) the feedback loop 
analysis and, iii) the individuation of possible leverage points to be focused in future policies on 
the basis of developed mental models and feedback loop analysis. Specific objective was to get 
policy insight, studying the role of the farm and land variables on the structure of the dairy 
system and their relationship with the economic, environmental and social components in the 
Colombian country.  
 
 
4. MODELING METHOD 
4.1 Study area 
The work was conducted retrieving information related to dairy cattle extensively managed in 
Colombia. This country is situated in the northwestern corner of South America, almost entirely 
in the arid zone between the Tropic of Cancer and the Tropic of Capricorn. (4°00’N, 72°00’W). 
Despite the latitude, the climate greatly varies with the altitude, due to the mountain Andean 
system, which crosses the country from South to North. The low regions and valleys are arid, 
with average annual temperatures ranging from 24°C to 27°C. Between 500 m and 2,285 m in 
altitude, the climate is subtropical, whereas temperate climate can be found between 2,285 m and 
3,048 m. The cold climate zone is located above 3,048 m, where the temperatures range from 0°C 
to 13°C. All year long, and for periods of three months, the rainy season alternates with the dry 
season (FAO, 2003).  
Cattle are raised in  in five major biogeographic regions (Andean, Amazon, Caribbean, Orinoco 
and Pacific). According to Murgueitio & Ibrahim (2008) dairy cattle herds   are mainly located on 
high Andean forests and moors, extending production systems in areas of plateaus and low 
moorland (2,000 – 3,200 m); whereas, double purpose cattle, breed for meat and milk 
productions, can be mainly found in tropical areas. In general the extensive productions 
overwhelmed other livestock systems (Fedegan, 2012; Figure 2). 
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Figure 2. Geographic distribution of livestock systems in Colombia for the year 2010. Areas 
within dotted circles indicates zones of extensive milk production; small areas colored in black 
indicates specialized milk production zones; areas within the solid circle indicates zones of 
extensive cattle livestock with other purposes than milk (meat, live animals). 
 
Source: adapted from Fedegan (2012). 
 
The presented model is built using causal maps mainly based on published evidences and mental 
models. Drawing of causal loop diagrams, or causal maps, is a technique for mapping the 
feedback within and across interacting subsystems; it is often used to help communicate the 
structure of the proposed conceptual model and the supposed behavior of the systems (Sterman, 
2000). The convention for drawing a causal loop diagram consists of a set of variables connected 
by arrows denoting causal influence with a given polarity, to indicate how the dependent 
variables change in respect to changes of the independent variables (Sterman, 2000).  
The map of the presented model was built considering 3 main components, analyzed and 
modeled as subsystems;  every subsystem consisted of a semantic aggregation of variables:  
i. Production and economics. It include: a) animal variables, referring to the size of a generic 
herd which consist of calves, heifers, milking cows, dry cows, bulls (reproductive dynamics of 
the herd were considered here); b) animal performances, which covers milk production level 
and the amount of milk sold; c) economic components.  The economic component, was 
considered part of the animal subsystem, since it influences all the other components. It was 
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established on the lines of Peterson (2013) considering the animal subsystem as the main 
source of profit generation within the focused boundary. The economic part cover the incomes 
from milk sales, milk price, fixed and variable production costs, profit and external effects 
given by the free trade. Variable costs were intended as related to animal feed required for 
milk production, whereas fixed costs included feed for animal maintenance and other farm 
costs. 
ii. Environment and biomass production. It comprised variables related to soil fertility, biomass 
production, pasture management, water resources. 
iii. Social subsystem. Consist of variables related with land use destination, farm employment and 
with armed conflict. 
Variables were connected among them with causal link and then were classified on the basis of 
their polarity signs. The loops generated by the variable connection were firstly labeled with 
name and different annotation and then were studied on the basis of their characteristic of 
reinforcing (R) and balancing (B) loops which was in turn determined from the multiplication of 
the variable connection signs within a given loop. Loops were then ordered with numbers 
(Fernald et al., 2012). 
The study of the system was only based on feedback loop analysis and modification. Polices  
were proposed to improve sustainability and to directly impact on the development of the rural 
area, both considering changes in endogenous variables and adding exogenous variables, such as,  
governmental subsidies. The effects of the policies on the new structure of the system were then 
discussed as a basis of decision support for stakeholders of the target area. In particular it was 
assumed that enhancement of economic and environmental efficiency of dairy sector could 
stimulate improvements also in the social components of the rural area. 
Due to the exclusive use of causal diagrams and feedback loop analysis, this work can be 
considered as a first step of the full SD methodological approach to study complex systems 
(Sterman, 2000). In fact, stock and flow diagrams and quantitative simulations will not be used in 
this paper to get conclusions from system analysis or to simulate management policies.  
 
4.2 Description of the developed causal map 
4.2.a Production and economics. 
In Figure 3 is shown the production-economic subsystem. The general goal of dairy operations is 
to increase farm returns (Fetrow et al., 2001). In dairy farms incomes are mainly generated by the 
amount of milk sold, which increases as herd size increases, and its also positively related to 
cow’s production level and to milk price (R1; Milk production). Costs are proportional to herd 
size (B2), and profits can be simply defined as revenues minus costs. Part of the profit from milk 
sales can be reinvested in the farm in order to enhance farm productivity and profitability. The 
selling price of the product is negatively affected by free trade agreements (exogenous variable) 
and positively affected by the quality of the products (composition and safety), which can be 
improved with farm investments (R3). 
Considering a constant production level of the animals in extensive-extractive conditions, the 
herd size might be intuitively increased in order to increase incomes form milk sales. However, 
increasing the number of animals without increase their production level, the possibility to get 
more profit is limited by the fact that each cows requires a constant amount of feed for 
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maintenance and a variable amount of feed proportional to its production level (Capper, 2013; 
Atzori et al., 2011). Thus this action increases the farm fixed costs for maintenance feeding cost 
of the same herd. Conversely, each increases of milk production level of the cows will reduce the 
cost per liter of milk sold. On the basis of this evidences herd size and its production level are the 
main variables that limit the growth of production subsystem.  
 
Figure 3. Production-economic component of the Colombian livestock system 
 
Source:  Authors' elaboration. 
 
4.2.b. Environment and biomass production. 
In Figure 4 are described the relationships among the production and environmental subsystems. 
The environmental component is the main factor responsible for cattle nourishment in extensive 
system, considering that pasture is the main/only source of cattle feeding. Thus, an increase in 
herd size, in order to increase milk sold, should result in a continuous increase of extensive 
grazing under a traditional extractive management practices (B4; Rua, 2009). It would require 
additional available areas and, perhaps, it might cause overgrazing and degradation of natural 
resources, such as soil fertility and water utilization (B5; Rua, 2009). According to FAO (2012a), 
livestock production is globally the largest user of agricultural land. On the negative side, there 
are several environmental implications associated with the expansion of livestock sector on land 
utilization. In fact, the growth of this sector has been the major force in deforestation in Latin 
America and the Caribbean, in addiction overgrazing phenomena were recorded in other regions 
(FAO, 2012). Connections reported in Figure 4 highlights the negative feedback loops that 
regulate the traditional management practices. Inadequate use of the land might lead to a possible 
reduction of biomass production, a consequent reduction of animal performances (B5) and 
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decrease of the milk sales and farm incomes (R1). A heavy reduction of farm profit below certain 
levels could generate a domination of R1 and the further involution of the milk production 
system.   
 
Figure 4. Production (solid line) and environmental (dotted line) components of the studied 
system.  
 
Source: Authors' elaboration. 
 
4.2.c. Social subsystem 
The integration of the social component on the system boundary is described in Figure 5. The 
traditional land management, based on extensive grazing, affects the social equilibrium of rural 
areas (PNUD, 2011). In fact, in areas where livestock activities are maintained with an extensive-
extractive management, the increase of extensive grazing reduces directly the land exploitation. 
According to PNUD (2011), the underutilization of soil by seed crop and its overuse in livestock, 
point out the inappropriate land use,  introducing  factors of economic and social inefficiency. It 
also originates conflicts for  land use, when extensively managed livestock is concentrated in 
soils suitable for agriculture and closing possibilities and options for small and medium property 














































Business Systems Review, ISSN: 2280-3866 , Volume 3 – Issue 2, 2014  
Special Issue - Selected papers of the 2nd B.S. Lab International Symposium 
 
This work is licensed under the Creative Commons Attribution 3.0 Unported License. To view a copy of this license, visit http://creativecommons.org/licenses/by/3 
 
132 
increases poverty of rural populations (Figure 5). It helps to stimulate the migration of peasants to 
join the ranks of the insurgent groups, and it also attracts insurgent groups to more control, 
economically and geographically, scarcely populated areas (Arias & Ibáñez, 2012). These groups 
also enhance the armed conflict in the country. The armed conflicts  act on production decisions 
affecting the farmers’ perception of personal safety, which has as a direct consequence the 
limitation of investments (Arlas e Ibáñez, 2012). Moreover, armed groups are claimed to be 
related with action programs aimed to land grab for industrial crops destined to biofuel 
cultivation or to illegal money investments in actions of “land laundering” as defined by Balvè 
(2013). Hence, farmers’ investment in livestock production systems are directly hampered (Arias 
& Ibáñez, 2012). Lowering investments  on livestock production also determines a reduction of 
herds’ size and a consequent reduction of employment. This behaviors is represented by the 
balancing feedback loops (B6) reported in Figure 5.  
 
Figure 5. Integration of social (bold lines), production (solid lines) and environmental (dotted 
lines) components in the system boundary. 
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4.3 Strategy proposal 
In order improve the sustainability of dairy production in the studied socioeconomic contest, a 
policy strategy oriented to technical efficiency and resource rationalization was deducted from 
loop analysis; it should be mediated by technical assistance and education of the rural population. 
The proposed policies is aimed at introducing a pool of technology and management actions on 
animals, soil and crop in order to enhance profitability and environmental preservation. A 
government role was also assumed. 
 
4.3.a. Production economic actions and its effects. 
The proposed strategy involve investments and low cost actions aimed at switching from the 
traditional management to an efficient one (Figure 6). This action is oriented to cut the effects of 
B2 loop, which determines an increase of fixed cost for herd maintenance proportional to the 
increase in herd size. In facts, global trends of livestock system improvements are characterized 
by increases in efficiency that determines reduction of heads without lowering milk yield, 
determining ecological footprint benefits as well (Capper et al., 2009). Whit this action the power 
of the loop B2 was reduced and the investments were switched on management efficiency, that 
was included as new variable generating the reinforcing loop R2a (Figure 6). The destination of 
each production effort to milk production level of the cow would allow both to reduce the ratio 
maintenance costs/production costs (fixed costs/variable costs) and to increase the farm profit. 
Thus, the reinforcing loop R1 might be sustained in a more profitable way (Figure 6). 
 
4.3.b. Environment related actions and effects. 
The action on this subsystem was aimed at substituting extensive-extractive grazing with rational 
land use, or managed grazing. From a technical point of view this action is related to the feeding 
management of cattle groups, to the pasture and biomass management produced by available land 
(Molle et al., 2008). Several techniques are available to simultaneously maximize the nutrients 
produced by units of land and animal intake, satisfying the herd requirements during the year. 
This techniques, also studied in tropical areas are based rational grazing and rational pasture use 
(Abdalla et al., 1999; Heard et al., 2013; Nahad-Toral et al., 2013) 
Switching from extensive-extractive pasture management to rational pasture management, milk 
production increases and production costs per unit of land and per unit of product are reduced 
(Abdalla et al., 1999). Consequently, it could allow farmers to increase profit and farm 
investments, generating further increase of the efficiency by enhancing R1 (Figure 3 and Figure 
6). 
Looking at the causal maps, the addition of this variable in the system will cause: i) the reduction 
of the power of the balancing loops B4 and B5; ii) the creation of two new reinforcing loop R4a 
and R5a, which has direct and positive impact on milk sales (Figure 6).  
Blank (2013), says that the economic viability is a key factor in identifying system sustainability. 
It should be envisioned not only in monetary expanses, but principally in terms of returns on 
investment. In addition, rational land use, and other options of proposed actions, have a direct 
positive effect on the degradation of natural resources (land and water) which are the principal 
factors influencing biomass productivity from land (FAO, 2006). From this point of view the 
balancing loop B5 might be also inhibited by the reinforcing loop R5a, which also positively and 
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indirectly affect milk production and helping to maintain the ecological equilibrium and 
sustainability of the area (Figure 6).  
This is in agreement with the sustainability intensification concept proposed by Pretty et al. 
(2011), which affirmed: “producing more output from the same area of land while reducing the 
negative environmental impacts and at the same time increasing contributions to natural capital 
and the flow of environmental services”. Capper (2013) demonstrated that improvements in 
management, nutrition, genetics and the application of new technologies, US dairy industry in 
2007 compared with 1944 required only 21% of the dairy population to produce a set quantity of 
milk. Consequently, feedstuff use was reduced by 77%, land use by 90% and water use by 65% 
per unit of milk. Manure output per unit of milk produced in 2007 was 24% of that in 1944 and 
the total carbon footprint per unit of milk was reduced by 63%. Despite the increase in total milk 
production between 1944 and 2007, the total carbon footprint for the entire dairy industry was 
reduced by 41%. In study is noticeable that large advantages were obtained in the first decades, 
when intensification of production level allowed to reduce the stocking rate and to stabilize the 
production of animal products. This fact suggest that high benefits can be reached in the short 
term period. 
 
4.3.c. Social implications 
Previous actions have social implications directly related to employment generation. The 
implementation of rational land use and efficient herd management could guarantee increases of 
profitability, and it will needs to be associated to human supervised farm practices. Furthermore, 
the rational land use might reduce the conflicts for land destination by motivating the land 
management for specific purposes, like crops or livestock activities. It would reduce the areas 
with improper destination in respect to the potential use (arable land used for extensive extractive 
activity with low yield for land unit), and it would enhance the release of areas for food 
production (PNUD, 2011). There are several farm examples where better livestock and pasture 
management allowed farmers to get efficient cattle production and also to destine part of the 
owned land to efficient crop cultivation. According to Niles (2013), efficient agriculture and 
ranching provide significant social benefits to society through the provision of food and fiber, 
ecosystem services and community development, employment generation; in addition farm profit 
increases are, as well known, associated with alleviation of rural poverty and better nutrition 
(FAO, 2006). Rural poverty, in its part, is one of the principal factors that leads to thickening the 
insurgent groups (Daly, 2012), increasing farmers risks and uncertainty. Thus, the balancing loop 
(B6, Figure 6) that limited the growth of social system might become a reinforcing loop helping 
to promote social equity (R6a, Figure 6).  
FAO (2012b), emphasized the importance of agricultural investment for growth, reduction of 
poverty and hunger, and the promotion of environmental sustainability. Furthermore, the 
literature in the field of tropical livestock production already pointed the need to pursue 
objectives like: to increase the intensity of livestock production, to meet the increasing food 
demand, to reduce the environmental impact of livestock production per unit animal product, and 
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Figure 6. Strategy proposals for the Colombian dairy system. Production (solid lines) 
environmental (dotted lines) and social (bold lines) components. 
  
Source: Authors' elaboration. 
 
4.3.d. Technical support and institution’s role. 
In Figure 7 was reported the final causal diagram where government subsidies were also included 
and undesired loops (B2, B4, B5 and B6) were cut to stimulate favorable loops (R2a, R4a, R5a, 
and R6a). An important role of public government was supposed as exogenous variable in the 
studied system boundaries (Figure 7). As already mentioned, the improvement of the system was 
supposed enabled by increasing the technical assistance and farm education level. It might help to 
reach faster the improvement of farm practices and to obtain earlier results in terms of system 
response. 
A technical support should be firstly induced by governmental subsidies oriented to the 
development or the maintenance of rural areas. The farmer perception of economic benefits 
would stimulate the farmer demand of more technical assistance and education (Atzori et al., 
2013). Furthermore, the same farm profits could be in part destined to technical advices or 
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sales, and in turn revenues to be invested in the same strategy. When this reinforcing loop will 
reach a good grade of dominance, the system will be less dependent from external resources 
(government subsidies for developing areas). 
Not significant relationships among biographical characteristics and profile of farmer and farm 
efficiency were found in a recent study conducted in Costa Rica dairy cattle farms. Conversely, 
better farm performances and increased managerial capability of dairy farmers were found in 
farms assisted by extension services with grater openness to technical support and advices 
(Solano et al., 2006). The same authors reported several studies and many motivated examples of 
the beneficial effect of technical support in farmer managerial capacity, farm efficiency and profit 
generation. 
Government support is not to be considered as a “Deus ex machina” actor within the system, the 
World Bank Development Report (Conflict, Security, and Development; WDR, 2011) concluded 
that by strengthening and building confidence in legitimate institutions is the only way to break 
chronic cycles of violence in fragile or conflict-affected countries. 
 
Figure 7. Complete causal diagram of Colombian dairy sector. Production (solid lines), 
environmental (dotted lines) and social (bold lines) component integrated with policies of 
exogenous government subsidies (dashed lines). 
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A causal map of the main variables influencing a generic extensively managed area for dairy 
cattle production in Colombia was developed using a system thinking approach. Several limits 
might be emphasized regarding the reliability of the proposed diagram within the Colombian 
complexity. Further steps of the modeling process (such as translation in stock and flow diagram, 
quantitative simulations and validation of deduced results) are needed in order to assess the 
formulated hypotheses. The present approach, based on system thinking techniques and 
qualitative analyses of mental models and feedback loops within considered boundaries, allowed 
us to describe the observed conditions and to summarize literature evidences in a structural 
description of the system. Negative loops and structure evidenced in the traditional system can 
drive the system behavior to low sustainability, also inhibiting or damaging the economic, 
environmental and social components of the system. The developed causal model emphasized 
that herd management efficiency and rational land use might enhance soil conservation and 
stimulate farm profitability. The model also highlighted the benefits of herd management and of 
land use on employment generation. It, in turn, was related with improvement of social welfare in 
rural areas.  
The model revealed the complexity of connections among simple elements of the system and 
renewed the awareness that conservation must derivate from conscious management of natural 
resources. The proposed strategy showed that the sustainability of the Colombian dairy sector is 
sensitive to the type of production management. Shares of efficient management and rational 
grazing might turn negative loops, which are inhibiting system sustainability, in reinforcing loops 
that might promote dynamic balance between sustainability and development, welfare and 
economic growth. 
System analysis results, suggested policies and literature findings reported in this paper, pointed 
to support the improvement of the decision making process in rural areas in Colombia destined to 
cattle production. Objectives of efficient management for food production and for social welfare 
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